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Europa Clipper (EC)

Science objectives: 

ÅPerform flybyôs to explore this icy moon of Jupiter; 9 instruments

ÅDetermine ice thickness, search for subsurface lakes/oceans, 

determine the depth and salinity of these bodies of water

ÅAssess whether Jupiterôs icy moon, Europa, may have conditions 

suitable for life
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have been redacted]



Propulsion Subsystem Overview (How it Works)
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ÅEnsure outlet of liquid propellant remains ñwettedò (avoid ñsloshò) = 

backfill the tank using a gas pressurant = Helium (He) in this case

ÅComponents mounted to plates: valves, filters, etc., (somewhat 

analogous to a SCUBA regulator system) 

ïAdjust gas pressurant (He) flow = PCA plate = Pressurant 

Control Assembly

ïAdjust liquid propellant (fuel and oxidizer) flow = PIA plate = 

Propellant Isolation Assembly
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CAD Images, Credit: Kurt Wolko

[details of images have been redacted]
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Thruster Photo Credit: MOOG. 

https://www.moog.com/content/dam/moog/lit

erature/Space_Defense/spaceliterature/propul

sion/bipropellant_thrusters_rev_0418.pdf

ÅLiquid propellants:

ïFuel = MMH = Monomethylhydrazine

ïOxidizer (Ox) = MON-3 (Mixed Oxides of Nitrogen)

ÅAvoid combusting too soon (before it reaches the engine) 

= separate the paths of Oxidizer (Ox) & Fuel

ÅFuel + Ox = Combustion (Thrust)

https://www.moog.com/content/dam/moog/literature/Space_Defense/spaceliterature/propulsion/bipropellant_thrusters_rev_0418.pdf


Propulsion Subsystem: Thermal Overview
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Typical Europa Clipper (Not Typical)

Approach: Å Isolate components from structure, 

and use heater power to maintain their 

temperature.

ÅJupiter is far from sun, minimal solar power available, minimize 

heater power needed, thermally couple components to 

structure.

Thermal 

Control:

ÅHeaters, controlled by thermostats or 

flight software (FSW), located on: prop 

lines (to prevent liquid from freezing), 

engine valves, other components as 

needed.

ÅPumped fluid loop (HRS)draws heat from the warm ñVaultò of 

electronics, and transports it to prop module structure, PCA/PIA 

plates, and engine REM brackets. Goal is to avoid using heaters 

on prop lines or components.

Prop Lines: Å Install thermostats, heaters, 

aluminum over-tape, sensors, and 

MLI.

ÅBare Ti prop lines and components, radiating to structure.

Engine 

Valves:

Å Isolate from structure

Å Install heater, sensor and/or 

thermostat

ÅNo blanket, and no over-tape (need 

high-e to radiate during soak-back).

ÅHeat-sink to structure.

ÅNo heater. Rely on heat sink to HRS to cool valve during soak-

back, and to heat valve during cold cruise.

ÅBare (no blanket or tape). 



Propulsion Subsystem: Thermal Overview
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Typical Europa Clipper (Not Typical)

Propellant 

Tanks (liquid):

ÅHeaters, thermostats, sensors, aluminum tape, blanket

Or
ÅHeaters on structure that surrounds/holds tanks, high-e 

surfaces inside ñtoasty cavityò, radiative coupling. 

Note: Prop system is internal to spacecraft, access is 

blocked at later stages, so it is one of the few subsystems 

that is critical to define Tvac Thermocouple locations and 

install them EARLY during fabrication (not during testing 

phase).

ÅBare Ti tanks, no heaters.

ÅRadiate to warm cylinder (prop module 

cylinder is irridite aluminum, heated by 

HRS). 

Pressurant 

Tanks (gas):

ÅBare. No heaters, no blankets. Tank located internal to 

spacecraft.

ÅHeaters, thermostats, sensors, and 

blanket.

ÅNeed to maintain tank above cold limits and 

to pre-heat tanks before long burn.

Engine 

Injector:

ÅHeater. ÅNo heater. Rely on conduction through 

valve to HRS to maintain above cold limit.

Engine Nozzle: ÅHigh-emissivity outer coating, to radiate heat away 

when firing, to prevent engine from overheating

ÅSame. 

High-

Temperature

blankets:

ÅHigh-temperature blankets near thrusters ÅSame.

Contamination

Bake-out:

ÅGoal is to bake off volatiles, and avoid having them 

condense on optics or sensitive hardware; meet the 

outgassing criteria.

ÅPlanetary Protection bake-out: much 

hotter temperatures, and longer 

durations. Affects material selections.
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Prop Subsystem: Component Thermal Considerations
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ÅGoal: 

ïMaintain components within temperature 

limits.

ÅPressurant Tanks (gas): 

ïMost burns are short, a few minutes long, 

small delta-P, negligible temperature change

ïJupiter Orbit Insertion (JOI) burn:

Ålasts for several hours

Ålarge pressure drop

Ålarge temperature drop in pressurant 

gas

ïUse heater, to pre-heat gas before long burn

ïAnalyze components: can they withstand 

cold transient profile?

ïIdeal gas law

P = Pressure

V = Volume 

n = number of moles of gas particles

T = Temperature [K]

R = Gas Constant  

High P&T Low P&T

P*V = n*R*T
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Data Credit: MSFC, Kim Holt
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Component 1:

O-rings inside: 

if cold, brittle, 

seal leaks 

pressurant to 

space

PCA Plate

CAD Images, Credit: 

Kurt Wolko

[details of images have 

been redacted]

Component 2:

Electronics 

inside: if too 

cold or hot, 

may not 

perform



Considerations for Component #2

Component #2: Design Iterations

ÅClamps bolted to plate, but spot-welded to housing (not 

well coupled). 

ÅCold case:

Å0W dissipation

Å-38C cold gas

ÅHeat from 0C plate, unable to reach boards, 

electronics became cold

ÅHot case:

Å0.7W dissipation

ÅNo gas flowing

ÅUnable to dissipate enough heat to 35C plate, 

electronics became hot

ÅAdded a clamp in 

middle, with excellent 

thermal contact to 

housing

ÅRemoved spot-welded 

clamps entirely

ÅIncreased contact area 

of the high thermally 

coupling clamp
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Europa Clipper (EC) Engines (Thrusters)

ÅThermal Analyses

ï Valve & Injector: Cold cruise

ï Valve & Nozzle: Hot fire

ï Valve: Soak-back

ÅMinimize Heaters

ïHRS (pumped fluid) system 

maintains temperature

ïAvoid heaters (weak sun at 

Jupiter, less energy from solar 

panels, little power available)
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Valve loses heat to 

nozzle
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Heat is pulled from 

SC 

Sample photos for context. 

Photo Credits: MOOG & 

Rich Driscoll.
Scale Image Credit: 

https://en.wikipedia.

org/wiki/Incandesce

nce

Temperature 

[C]

Incandescence 

(ñglowingò temperature regime):

Mission Temperature Scale [C] Description Orbit

ATLAS

(ICESAT-2)

35 C (M55J bonded Ti inserts)

(other missions ~ 55 or 60C)

Tens Instrument bake-out LEO

Europa 

Clipper (EC)

120 to 150 C Hundreds PP bake-out

(depending on component)

Interplanetary

Engines 

Firing

1,306 C Thousands Nozzle temperature (need 

high-temp blankets)

n/a

ÅHardware Considerations

ï High Temperature Blankets, 

near engines

ï Planetary protection (PP) 

bake-out, (hotter than typical 

bake-out)

https://en.wikipedia.org/wiki/Incandescence


Cold Case, SS Hot Firing, SS

Engine Temperature Maps
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Temperature 

[C]

Cold:

Å Liquid propellants, would freeze at:

Å Ox, MON3: -10C to -14 C

Å Fuel, MMH: -52 C

Å Result: Valves, injector, and propellant lines stay above this

Å (Some missions need heaters on valves and/or injector)

Hot:

Å Valve hot limit: 101 C

Å Nozzle hot limit: 1371 C

Å Result: Valves and nozzles stay within this

Hot FireCold Cruise
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Conceptual Sketch of Heat Flows

Before Firing: During SS Firing: Soak-back (Transient, 

right after firing):

ÅJust after firing:

ÅPropellant stops flowing

ÅNozzle has not fully cooled off 

yet

Ålarge dT between nozzle and 

valve

ÅQ transferred to valve = ñsoak-

back heatò

ÅNozzle radiates to cold 

space

ÅValve warmed by HRS
ÅNozzle heated by 

combustion gases

ÅValve cooled by flowing 

propellant 10



Other conclusions we can draw (specific to EC):

Firing & Soak-back Temperatures
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Injector & Valve 

spike during 

soak-back

Non-Firing Valve at Steady State, 

is warmerthan Firing valveôs transient soak-back spike

If performing a short burn, 

then the firing valve soak-back 

is hotter than non-firing valve

The Firing nozzle 

is warmest item 

(as expected)

If single engine, then soak-

back will be hotter than SS 

firing temperature
344 C

313 C

1306 C

656 C

Non-Firing Firing

SS Firing Temperature Map:

2 engines fire, in close proximity 

to 2 non-firing engines



Videos: Soak-back
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Non-Firing Engine (Nearby):

Valve cools (no soak-back, 

nozzle not hot enough)

Non-Firing Nozzle cools

Firing Engine:

Nozzle cools

Valve warms up (soak-back), 

then cools
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